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ABSTRACT 

A preliminary flowsheet fo r  the purifica,tion of' uranium dioxide 
fuels  by a magnesium reduction-mercury extraction--steam oxidation proce;s 
i s  proposed. Laboratory-scale scouting experiments indicated tine process 
t o  be feasible .  
dioxide by magnesium although t h i s  f igure was not dernonsirated, chiefly 
because of poor choice of materials and design of equipment, Steaxn 
oxidation of uraniuni tetramercuride produced a n  oxide biith an O/U r a t i o  
of 2.43. 
hydrogen atmosphere a t  gOO°C for  1 hr. The f i n a l  product had a surface 
area of 3.5 m2/g,and 18% of the par t ic les  were 41 p dia .  
the oxide s intered a t  l 7 > O o C  had a density of 3.76 g / c c p  89% of theoret-  
i ca l .  Decontamination fac tors  demonstrated f o r  ruthenium, cesium, and 
samarium, when present or iginal ly  i n  amounts equivalent t o  30,000 Mwd/tm 
f ie1  burnup and 60 days' decay, were >103, 220, and 75, respectively. 

Data evaluation indicated 100% redi1cti.m of uranium 

This r a t i o  was decreased to 2.09 by heating the  oxide i n  a. 

A p e l l e t  of 
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The purpose of this i.nvesti .a t ion vas t o  detxrmine the f e a s i b i l i t y  
of adapting the Hemex process1-3 t o  the purif icat ion of high-fired 
uran.i.um dioxide fuels.  One of the needs of a fast uranium-fueled 
power reac-tor i s  for  a short  fuel. procezsing cycle t o  minimize tine 
inventory o f  U-235. 
developed for metal fuels; however, since the use o f  l e s s  expensive, 
more s table  U02 fue3.C; has received increased emphasis, a need has 
a r i sen  fo r  a shoi"t-cycle processing method f o r  oxide fuels.  I n  t h i s  
f e a s i b i l i t y  study, experiments on tine reduction oi" uranium dioxide, 
extrac-Lion of the  uranium by mercury, and reoxidation of the uranium 
to  the dioxide, were conducted on a laboratory scale, Results are only 
semiquantitative. The feasibili-Ly of each s tep  of the process w a s  in-  
dicated,  but consid-erable study remains t o  be clone, par t icu lar ly  on the 
extraction and USg4 oxidation step::;. 

LDgrrometallurgi.cal processing met1md.s have been 

Reduction of uranium dioxide by magnesium to uranium poider has 
been reported." 
ciahydrous magnesium chloride, was added to make the magnesia matrix 
product f l u id  and t o  permit the coalescence of f ine  uranium par t ic les ,  
Reduction of uranium dioxide by m%gner,iurr xmlgam, even v i th  boi l ing 
a.rnalgam, gave low yields.  Part  of t h i s  difficuLty i s  believed due t o  
the resistance of the oxide t o  wetting by the amlgan. Bel.lamy and 
Buddery4 found t h a t  a temperature of aboui; 730°C was required for  mag- 
nesium reduction. 
achieve thT s tempera-Lure might increase the y i e ld  of amalgm reduction 
of UO;3 t o  a practicable level .  

In  order t o  obtain a nonpyrophoric mterial ,  a flux, 

Pressurization of the amalgam reduction reactor  t o  

Extraction of uranium from a mixture of t'ne products of magnesium 
reductioa of uraniim dioxide i s  an extension of the HemexiJ2 process 
f o r  purif icat ion of uranium lnetal f'uels by mercury dissolut ion and re- 
crystal l izat ion,  Volati.le f i s s ion  products would be expected t o  a3par 
i n  the off-gas while me-kls whoze oxides are unreduced would remain 1,ith 
the slag, The bulk o f  the more nob1.e f i ss ion  praducts would a l so  remain 
with the s lag as a consequence of iheir  limited so lubi l i ty  i n  mercu-ry.3 

Steam oxidation of uranium m e t a l  i s  w e l l  known. With proper pre- 
cauttons, such as excluston OZ air ,  the oxidatiuii can be stopged a t  the 
dioxide.> 
study of variables coiitrolliug r a t e s  and products o f  oxidation ~ r i 1 1  be 
required. 

Because of the extreme reac t iv i ty  of UiIgb t o  oxygen, extended 

The authors arc indebted t o  G. H. Wilson, i d .  X. Latng, and G. W. 
Leddicotte and s t a f f s  of the  ORNL Amlyt ica l  Chpmistry Division for 
analyses ,ael-formed. The authors a l so  acknor,Ledge tile technical assist- 
ance of E. R. Johns i n  the experimcn'hl studies,  



2.0 PROCESS FLOWSHEET 

The flowsheet for  processing of uranium dioxide f'uels by reduction, 
mercury extraction, and oxidation (Fig. 2.1) i s  based e n t i r e l y  on the 
f e a s i b i l i t y  experiments described i n  Sect. 3.0. After  a more thorough 
study has been made, considerable motlifica-t;ion o f  the process may be 
necessary. 

The reduction mixture i s  irradiated uranium dioxide intimately mixed 
with magnesium metal (1155 of the theo re t i ca l  requirements f o r  complete 
reduction) and a flux of anhydrous magnesium chloride amounting t o  10% 
of the U0;j w e i g h t .  
1000°C produces a nonpyrophoric uranium powder i n  the fora of 0.5- t o  
5O-p-dia spheres. 

Heating the mixture i n  a sealed bomb fo r  2 hr a t  

A f t e r  the mixture has cooled, the uranium i s  dissolve?. i n  bo i l ing  
mercury along with excess magnesium and t o  a Limited extent  the noble 
metals,3 notably ruthenium. Fission products such as xenon and cesium 
v o l a t i l i z e  from the mixture during the  uraniun dissolution. Fi l t r a t ion  
a t  356Oc removes a dross containing magnesium oxide and chloride, com- 
pounds of unreduced f i s s i o n  products such as strontium and the ra re  
earths, iodine as the  iodide, 7 and the  majur-i-by of the noble metals as 
insoluble mercurides, As the f i l trate cools, the mercurides c rys taUize  
and are removed from the excess mercury by f i l t r a t i o n  a t  25%. 
t rop ic  uranium quasi-amalgam obtained conkins  magnesium and noble metal 
impurit ies.  
the quasi-amalgam i n  boi l ing mercury, recrys ta l l iz ing  the UHg4 a t  25OC,  
and f i l t e r i n g  a&n. 

The thixo- 

These impurities are decreased t o  a Lov value by redissolving 

Noble metals are not exgected t o  be affected by steam oxidation of 
the uranium mercuride a t  200 C. Instead, they would be extracted i n t o  
addi t ional  boi l ing mercury and separated From the oxide product by filtra- 
t i on  a t  356Oc. 
1izat;ion s teps  would be pur i f ied  and recycled. 

This mercury f i l t r a t e  and. that from the two 25oC recrys ta l -  

The oxide product would contain s ignif icant  amounts of mercury, 
which i s  removed by heating i n  a r e t o r t  a t  900QC f o r  2 hr. 
uranium r a t i o  i s  too high, it could be lovered by introducing hydrogen 
during ,the retor t ing.  
impurit ies,  

IS the oyygen/ 

The f ina l  product i s  expected t o  be qui te  f ree  of 

Purif icat ion of mercury pr ior  t o  recycle involves oxidation of con- 
ta ined mater ia l  such as magnesium and f i l t r a t i o n  a t  25'C o r  d i s t i l l a t i o n .  

3.0 EXPEFJGIIENYAL H3SULTY 

Z'hree experinients were performed i n  which lT5OoC-f  ired uranium dioxide 
powder and p e l l e t s  were reduced by magnesium t o  uranium and the reduction 
pi-oducts .were leached w i t h  boi l ing mercury. The reductions were 58, 78, and 
93% complete as measured by the mount  of uranium extracted i n t o  the mercury 
phase. While the 10'17 -percentage i n  the Firs t ;  reduction vas due t o  vo la t i l i za t ion  
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of magnesium from a leaky reactor,  the incompleteness of the second and 
t h i r d  was thought t o  be due t o  blinding of some of the uranium t o  the 
mercury by a coating o A similar phenamenon was 

a t  temperatures below the melting point of magnesium chloride. 

magnesium chloride. 
observed by Schneider 2 for cadmium extract ion of tine reduction product 

The amalgam ext rac ts ,  containing UHg4, f'rom one reduction-extraction 
experiment were combined and t rea ted  w i t h  steam a t  200'C. 
converted t o  uranium oxide w i t h  an O/U r a t i o  of 2.43. 
1 hr a t  900% i n  a hydrogen atmosphere, the O/U r a t i o  w a s  lowered t o  2.09, 
and >99% of the residual  mercury was vola t i l i zed  from it. The oxide 
product had a surface area of 3.5 m2/g and 18% of i t s  pa r t i c l e s  were 
41 IJ. dia.  
a t  l75O0C had a density of 9.76 g/cm3, 8976 of theore t ica l .  

The UHg4 w a s  
When heated f o r  

A p e l l e t  pressed from t h i s  oxide a t  15,000 p s i  and s intered 

I n  the  reduction experiment carr ied through steam oxidation, the 
U02 was spiked w i t h  ruthenium, cesium chloride, and samarium oxide t o  
the l e v e l  expected for  30,000 Mwd/t.Cn i r r ad ia t ion  and 60 days' decay. 
Decontamination fac tors  measured fram i n i t i a l  t o  f i n a l  oxides were ,103 
for ruthenium, 220 for  cesium, and 75 f o r  samarium. 

In attempts t o  reduce ac t ive  (6 m2/g) U02 with magnesium and calcium 
amalgams a t  3 5 6 O C ,  reduction yields were less than 1% i n  1- and 5 - b ~  
ag i t a t ion  periods. 

3 . 1  Reduction of U r a n i u m  Dioxide 

mined by the amount of umniuun extracted fram the reaction mixture with 
boi l ing mercury. I n  no ease 7;1as 100% of the uranium e x t r a c k d ,  but,  on 
the basis of unoxidized magnesium that appeared i n  the mercury ex t rac ts ,  
reduction was probably complete. 

By ibgnesium. The extent of bomb reduction by magnesium was deter-  

In  Expt. I, only 56.6% of the uranium was extracted from the reduc- 
t i on  reaction mixture. No magnesium was found i n  the mercury ex t rac ts  
while that found with the extract ion residue was equivalent t o  only >8$ 
reduction plus the mount or iginal ly  added as a flux (Table 3.1). 
en t ly  the bomb had a poor seal and mgnesiwn was l o s t  by vo la t i l i za t ion  
a t  the reduction temperature. 

Appar- 

I n  Expt. 11, 93% of the uranium 'i.1i2s extracted by boi l ing mercury, 
indicat ing 93% reduction, 
the mercury ex t rac t  and that which remained wi.t'n the residue, reduction 
w a s  complete (Table 3.1). 
by the fmt  that the anount of mercury used i n  the f irst  of two ex.trac- 
t ions  was su f f i c i en t  t o  dissolve a l l  the uraniwn i f  present as the metal. 
O n l y  50% was extracted,  but an addi t ional  43% was fouiid i n  the f l l t r d t e  of 
the second extraction. 

On the basis of magnesium that appeared i n  

That extract ion ms incomplete i s  indicated 
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Table 3.1 Magnesium Reduction a,nd Mercury Extraction, 
Experiments 1 and 11 

Reduction temperature: 
Extraction and f i l t r a . t i on  teriperatmre :: 

lO0O'C for  2 hi- 
356'C 

k t e r i a l s  Added and Analyses 

Heducbion bomb i n i b i a l l y  charged with 27.0 g o f  1750°C-fised U02 
pe l l e t s ,  6,oo g of Mg, and 2.70 g of MgC12 

Experiment u, g % 9  g Hg, rnl 
I 

I n i t i a l  bomb charge 
&rcury extract ion 1 

2 

Extraction r e  s idue 
Extraction f i l t r a t e  l 

2 
3 
4 

23.8 -- 6.69 -_ 

-- 
3.52 
0 
0 
0 
0 

TI Red-uction bmb i n i t i a l l y  charged with 18.9 Q of 175O0C-fired U02 
powder, 4.18 g o f  and l.97 g of MgC12 

I n i t i a l  bomb charge 16,6 b.69 
Mercury extract ion 1 -- ..._ 

Extraction residue 1*1g 3-71 
Extraction filtrate 1, 8,32 0.75 

2 6.54 0.16 

-- I- 2 

rn- 

110 
100 

2 

121 
78 

The f i n a l  mgaesium reduction, Expt. 111, vas spiked wit'n ruthenium, 
cesium, and sama.rizun i n  amamts  equivalent t o  3O,OOO Mwd/ton buniup and 
60 days' decay, 
(Sect, 3.2) and the degree of decontamination determined (Seel;. 3.3) .  He- 
duction based on uranium extracted was 98.3% but; t h i s  low value i s  a l s o  
believed due t o  ineomple-te extraction. Based on magnesi.wrr present i n  the 
ex t rac ts  and that left i n  the residue, reduction ~ m s  100% (Table 3.2). 
During tine dissolut ion of the extract ion residue, a quasi-amLgm-like 
material was noted, This material w a s  not analyzed but i t s  appearance 
was considerably d i f f e ren t  from that of ps-aducts i n  other studies. It i s  
believed Lo have been uranium metal. w i t h  a prot,ec%ive magnesium chloride 
coatingr( which hindered extract ion by mercu~y. 

"he product of reduction and extract ion was steam-oxidized 
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Table 3.2 Magnesium Reduction-Mercury Extraction-Stem 
Oxidation, Experiment I11 

Reduction temperature: 
Extraction and f i l t r a t i o n  temperature : 
Oxidation by steam at 20OoC 

1000°C f o r  2 h r  
356OC 

Materials Added and Analyses 
Experiment u,  g Mg, A Xu, mg Cs, mg Sm, mg Hg, m-L 

111 Reduction bomb i n i t i a l l y  charged with 99.0 g of 1750'C-fired U02 powder, 
20.7 g o f  Mg, 10.0 g of MgC12, 290 mg of Hu, 475 m g  of CsC1, and 60 mg 
of s q o 3  

I n i t i a l  bomb 
c h r g e  87.3 23.22 290 375 52 

Added pr io r  t o  
-I -- 2 00 oxidation -I -I -- 

Extraction 
re s idue 18.9 20.75 112 295 44 40 

Extrae ti on 
f i l t r a t e "  1 0.05 0.01 16 0 0 120 

2 0.13 0.01 45 0 0.02 330 
3 0.10 0.01 34 0 0.12 2 50 

F i l t r a t e  of oxide 
ex t rac t  ion 6.05 0 60 0 0.16 225 

Miscellaneousb 2 . 8  2.24 J 2  2.2 0.3 40 

Oxide product 49.5' 0.17 0.2 1.0 0.4 0.11 

%xtracts  cooled t o  25OC pr ior  t o  f i l t e r i n g .  
b. Includes materials fram (1) the p l u g e d  f i l t e r  and oxide skimmed from the 

surface of the i n i t i a l  reduction-extraction amalgam and ( 2 )  residue remaining 
i n  the oxidation vessel  after material t ransfer .  

C -  y5.0 g of uo2. 
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During the f i l t r a t i o n  of the f i rs t  ex t rac t  of Ex$. 1x1 a t  356OC, 
mercurides c rys ta l l ized  i n  the cooler stopcock and ba l l - jo in t  system 
leading t o  the cold f i l t e r  and formed a plug. Before the Ci l t ra t ion  
could be completed, the equi,pnent had t o  be disassembled and the plug 
removed, An oxide tha t  formed on the surface of t h e  filtra2;e during 
the t i m e  Lhe equipment was disassembled w a s  skirmed o f f ,  combined w i t h  
the material from the plug, and analyzed as "miscellaneous" along with 
the residue from steam oxidation (Sect. 3.2). 

Boiling magne simn analgain 
of' mercury) and boi l ing calcium 

amalgam (approximately 1 g of calcium i n  Î & r r d  of mercury) resulted La 
(1% reduction of act ive uranium dioxide (6 m2 surface per gram U02) i n  
24 hr  and 5 days, respectively. 
by f i l t e r i n g  the reaction mixture a t  3560~,  re-extracting the mixtw-e 
with an equivalent amount of boi l ing mercury, and a,nal.yxing the f i l t ra tes  
and residue, Magnesium and calcium were i n  excess of the ,mow~ts required 
for complete reduction of the U02 by factors  of l 3  and 2, respectively. 

3.2 Steam Oxidation of U r a i i i u m  Tetramercuridc 

to r t ing  a t  9OO0C fo r  1 hr under 1 atm of hydrogen produced an oxide with 
an O/U r a b i o  of 2-09. The surface area of the powder was 3.5 m2/g and 2-8% 
of the particles,were 1. p dia.  
a t  15,000 lb/in.2 was s intered a t  175OoC t o  a density of 9.76 g:/cc,  89% o f  
theoretical .  

The extent of reduction was determined 

Stew oxidation of uranium Letramercuride a t  200°C f'al,lowed by re- 

A sample of the oxide pressed in to  a pell.et 

0 After f i l t r a t i o n  a t  25 C of the mercury ex t rac ts  from Expt. 111, 
described i n  Sect. 3.1, 200 ml. of mercury was added t o  the combined 
mercurides and %lie temperature raised t o  200°C. 
the mixture for  I hr ,  after which t i m e  the teiiiperature was raised t o  356OC 
and t h e  solution filtered. The oxide, which had an O/U r a t i o  o f  2.43, 
was t ransferred t o  a nickel boat, placed i n  a combustion ti.he, and heated 
t o  gOO°C under argon flow. Hydrogen was introduced a t  t h i s  tenpcm-kure 
and was maintained fo r  1 br after ~ ' K E  argon flow had been discontinued, 
The oxide was cooled under hydrogen. 

Steam was :passed through 

Each gram of the oxide product contained 26 mg of mercury and 3 mg of 
magnesium (Table 3.2). The mercury could have been completely removed by 
longer heating i n  the r e to r t .  Magnesium may have coprecipitated with tile 
UHg4 and a recrys ta l l iza t ion  s tep  might be necer,;ary for  i t s  complete 
removal. Alternatively,  i t s  source could have been the ox-n'de iihich foniied 
on the i n i t i a l  amalgam surface, as described above, which was not completely 
removed. 
vas removed by f i l t r a t i o n  a t  2 5 O C .  

If so,  it irould have remained wi th  the U@J+ when -tine excess mercury 

The mercury f i l t ra te  obtained after oxidation contained a significan-l, 
axount of waniun, indicating that; oxidation vas incomplete. It i s  believed 
tha t  dissolution of some of the mercuride in the  mercury a t  2OQ0C caused 
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some of the uranium t o  pass through the f i l t e r  before and during witidation. 
A f t e r  steam oxidation, mercury w a s  observed abave the vessel  stopcock and 
below the f i l t e r  before the excess mercury ms removed by f i l t r a t i o n .  
The small. amount of residue remaining i n  the oxidation vessel  after 
material t ransfer  was dissolved and added t u  the miscellaneous solut ion 
(Sect. 3.1). 

3 .3  Decontamination of Uranium Dioxide by the &gnesium Reduction- 
Mercury Extraction-Steam Oxidation Process 

Ruthenium, cesium, and samarium were added to uranium dioxide i n  
amounts equivalent t o  a 30,000 Nwd/ton fuel burnup and a 60 days' decay. 
When carr ied through the educt ion-extract ion-oxi~t ion process, decan- 

impurities, respectively. Greater decontamination i s  expected with the 
use of l a rge r  samples, b e t t e r  designed equipnerrt, and the  inclusion of 
a mercuri.de recrys ta l l iza t ion  step. 

tamination fac tors  of 710 5 , 220, and 75 were demonstrated fo r  the three 

The ruthenium, cesium, and samarium were aaded as the nietal, the 
chloride, and the oxide respectively,  t o  the or ig ina l  reaction mixture 
i n  E x p t ,  I11 (Sect. 3.11. 
of 2.93 mg of ruthenium, 3.79 rg of cesium, and 0.53 mg of samarium for  
each 1 g of uranium dioxide, 
processing i s  shown i n  Table 3.2. 

These amounts are equivalent t o  contamination 

Distr ibut ion of contaminants during the 

The behavior of ruthenium w a s  e s sen t i a l ly  a s  expected on the 'oasis of 
i t s  so lub i l i t y  i n  mercury.3 
t i on  s tep  since that present followed the rnercury removed from the oxide by 
f i l t r a t i o n  a t  3560~.  The final. oxide p r d u c t  contaimd 2.8 pg ai" ruthenium 
per gram of UOp, which represented a. decontaraination fac tor  of >ld. 
extract ion of the oxide with mercury would have fur ther  Lowered the con- 
tamina t i on. 

Ii; w a s  unaffected by :;tern during the  oxida- 

Re-  

A t  the  reduction temperature ccsiwn vas expected G o  be reduced t o  
the metal by the magnesium mid t o  follow the mercwy ext rac ts  andlor be 
vo la t i l i zed  during extraction. In  r ea l i t y ,  t'ne bulk of the cesium \vas 
found i n  the reduction-extraction residue and ncsne i n  the mercury f i l t r a t e s .  
The oxide product contained 17.2 pg of cesium per gram of IJ02, a decontrunina- 
t i on  factor of 220. 
the UHg4 had been recrys ta l l ized  before the oxidation stepo 
20% of the cesium was unaccounted for i n  a material  balance. It i s  thought 
that magnesium had reduced thib imterial and k a t  it was lost by vo la t i l i za -  
t i on  during the extract ion step, ReductLon of cesium niay have been greater  
than indicated. 
densed on a cooler part of the extractor ,  and then dissolvcd along with the 
residue. 

The decontamination Sactor would have been greater  i f  
Approximately 

It may have volati l ized. from the extract ion mjxturc, con- 

Samarium  as not expected t o  be affected by the procedure i n  the 
pur i f ica t ion  process I) However, the product oxide was found t o  contain 
7.1 yg o f  samarium per gram U02> a decontmimtion fackor of 75. Ei ther  
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some reduction Piad occurred, o r  the anmlgam peptized the oxide, enabling 
the above quantity t o  pzss the f i l t e r .  

4.0 EQUIPMEXI ANI, PXOCEDUM 

The s ta in less  s t e e l  reduction bomb w a s  damaged considerably a t  the 
For f i t u re  experiments, nickel  or some reset ion temperature of 1000°C. 

other heat-resis t ing material  should be used for  bomb construction. 
During the f i l t r a t i o n  o f  a mercury ex t rac t  a% 356Oc, mercurides c rys ta l -  
l i z e d  from solution i n  the cool portion of the glass t ransfer  l ine .  To 
overcome t h i s  problem, s ta in less  s t e e l  should be used f o r  the extract ion 
vessel. and the t r ans fe r  l i n e  t o  the cold f i l t e r  and a micrometallic f i l t e r  
should be used f o r  f i l t r a t i o n  a t  3 5 6 O C ,  
used t o  maintain the temperature required t o  keep the mercurides i n  solu- 
t i on  during materials t ransfer .  

Resistance henting rmy then be 

4.1 Equipment 

Reductions were prfomed i n  l.!j-in,-dia 347 s t a in l e s s  steel bombs 
f i t t e d  with threaded covers. The charge, when flr1l.y loaded, was witf in  
1/8 in .  of the top. 
the threads were galled,  making necessary a new bomb fo r  each reduction. 
A muffle furnace supplied Lhe heat. 

Because of the elevated temperatwc? of the reduction, 

The glass  equipment w a s  an extractor-hot f i l t e r  unit, a cold filter, 
and a mercury col lector .  The extractor-hot f i l t e r  and the cold f i l t e r  
were constructed from 5OO-=ml three-necked f lasks ,  The bottom. of each was 
equippd wi- th  a f r i t t e d  glass f i l t e r  (40 p ef fec t ive  pore diameter) and 
a stopcock. Both were f i t t e d  w2th an argon i n l e t  and off-gas l i n e  Tor 
maintaining an i n e r t  atmosphere and a themomll. The extractor-hat 
f i l t e r  was a l so  equipped with a ref lux condenser, 
the heat source, and the desired temperature was maintained by thermo- 
couples and a Wheelco controller.  
vacuum flask.  Bal l - joint  systems connected the extractor-hot f i l t e r  t o  
the cold f i l t e r  and the cold f i l t e r  t o  the mercury col lector .  

Glas-Col heaters were 

The mercury col lector  was 8 500-ml 

Amalgam reduction s tudies  were performed i n  the extractor-hot f i l t e r  
equipped with a mechanical stirrer. 
conducted i n  the cold f i l t e r  a f t e r  the extractor-hot filter had been re- 
placed w i t h  a steam l ine .  

The cunalg8n oxidation studies were 

4.2 Roceaure 

A weighed quantity of 175O0C-fired uranium dioxide , magnesium m e t a l .  
(approximately 115% of the mount necessary f o r  complete reduction), and 
anhydrous magnesium chloride (10 wt $ of the U02). were intimatxly mixed 
and placed i n  the reduction bomb. 
f’urmce and raised t o  a temperature of 1000°C.  A f t e r  2 hr, t i e  temperature 
was lowered t o  25OC and the reaction mixture t ransferred t o  the extractar-  
hot f i l t e r  under an argon atmosphere. 

The sealed bonb was placed i n  a muffle 

Mercury w a s  added and the temperature 
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raised t o  boiling. After several  hours the boi l ing mixture bas filtered 
w i t h  the aid of argon pressure, 
and then r e f i l t e r e d  i n  order t o  separate the precipitated uranium mercuride 
from the b U  of the mercury. 
necessary a t  the time. 

'The fi l trate m s  allowed t o  cool t o  25OC 

Addi-bional extract ions were mde  as thought 

The extent of reductian was determined by the amount of uranium ex- 
tracted from the react ion mixture. Therefore repor-ted reduction r e s u l t s  
may not truly reflect the completeness OS reductian. 

There was considerable d i f f i c u l t y  i n  f i l t e r i n g  the mercury ex t rac ts  
a t  356%. When the ex t rac t  passed through the coal stopcock, mercurides 
c rys ta l l ized  and Tomned a plug which was d i f f i c u l t  or  .impossible t o  dislodge. 

Oxidation was accmplished by passing steam through a suspension of 
Oxides uranium mercuride i n  mercury a% a temperature o f  200°C for  1 hr. 

formed floated t o  the surface of the mercury and steam remained i n  the 
vapor state until condensed i n  the off-gas l ine .  
temperature of the  mercury. was raised to boil ing and the mixture f i l t e r e d  
by a combination of argon pressure and vacuum. 

After t he  oxidation, the 

The oxides were t ransfer red  t o  a nickel  boat and heated i n  a corn- 

Argon flow was discontinued and. the ternperature maintained f o r  
During t h i s  period, mercury was expected to be removed and higher 

bustion tube t o  u temperature o f  (300°C i a  zn atmosphere of hydrogen and 
argon. 
J- hr.  
oxides of uranium reduced t o  the Uoxide. 
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